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Detailed Report 

1 . Name of invention 
Control device for freezer cycle 

2. Sphere of patent request 
(Claim 1) 

Claiml is concerning a control device for a freezer cycle which has the following 

steps: 

A non-azeotropic mixed cryogenic liquid is sealed in a circuit which has a compressor, 
condenser, 1 st electric expansion valve, a rectifying tower, 2 nd electric expansion valve, 
and an evaporator. The control system detects the pressure in the rectifying tower; 
A dew point temperature calculation step which determines the dew point temperature of 
the non-azeotropic mixed cryogenic liquid at the bottom of rectifying tower from the 
pressure detected by this pressure detection step; 

A temperature detection step which detects the temperature at the bottom of to wer; 
A temperature comparison step which compares the temperature at the bottom of the 
rectifying tower with the temperature calculated from the dew point temperature 
calculating step; 

A valve opening calculation step which calculates the amount the 1 st electric expansion 
valve and the 2 nd electric expansion valve should open based on the output of the 
temperature comparison step; " 

A valve opening calculation step which outputs a signal to change the opening of the 1 st 
electric expansion valve and the 2 nd electric expansion valve based on signals from the 
valve opening calculation step. .* 

2. Detailed explanation of invention 
(Field of industrial use) 

This invention is concerning a control device for a freezer cycle which uses a non- 
azeotropic mixed cryogenic liquid. 

(Prior art) 

Control of a former freezer cycle which uses a non-azeotropic mixed cryogenic 
liquid can be improved by changing the composition of the cryogenic liquid which is . 
circulated ihe freezing cycle as shown in figure 4. 

Figure 4 is a freezing cycle which uses a non-azeotropic mixed cryogenic liquid. 
In the figure, 1 is a compressor, 2 is a condenser, 3 is the 1 st capillary tube, 4 is a 
rectifying tower, 5 is a cooler for the tower top, 6 is reservoir , 7 is the 2 nd capillary tube, 
8 is an evaporator. The non-azeotropic mixed cryogenic liquid is sealed inside the freezer 
cycle: The circuit which consists of a compressor 1, condenser 2, 1 st capillary tube 3, 2 nd 
capillary tube 7, and evaporator 8 is called the main cycle. 

The freezer cycle with the above construction is going to be explained in the 
following. 
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First, cryogenic liquid is circulated through the compressor 1, condenser 1, 1 st 
capillary tube 3, rectifying tower 4, 2 nd capillary tube 7, an evaporator 8. Heat is removed 
at the condenser 2 and heat is absorbed at the evaporator 8. 

The cryogenic liquid becomes a two phase vapor-liquid due to insulated 
expansion when it exits the 1 st capillary tube 3. The gas-phase component which is rich 
in low-boiling point components is raised inside rectifying tower 4, and it is cooled by the 
tower top cooler 5 and is liquidized and stored the reservoir 6. Liquid which overflows 
from the reservoir 6 flows down inside the rectifying tower 4, and it contacts the 
cryogenic liquid vapor which is raised inside the rectifying tower 4 to improving 
rectifying effects. 

Accordingly, rectifying separation is performed, and a cryogenic liquid which is 
rich in low-boiling point components can be stored in the reservoir 6. 

The process described above changes the concentration of the cryogenic liquid in 
the main cycle. The freezer cycle is controlled so that high performance is acquired when 
the main cycle is rich in low-boiling point components; and so that low performance is 
acquired when the main cycle is rich in high-boiling point components. 

(Problem that this invention tries to solve) 

In heat pump devices that use this process, although changing the composition of 
the cryogenic liquid is possible, the resistance values of 1 st capillary tube 3 and 2 nd 
capillary tube 7 are fixed. These tubes control the intermediate pressure (pressure of 
rectifying tower 4) which determines the amount of cryogenic liquid tossed inside the 
rectifying tower 4. There are coses when the amount of cryogenic liquid vapor necessary 
for rectifying separation can not be acquired. That is, if the intermediate pressure \ 
(pressure of rectifying tower 4) is too high, reduced pressure in the cryogenic liquid is 
insufficient at the exit of the 1 st restriction, and it cannot become a gas-liquid two phase' . 
cryogenic liquid. The cryogenic liquid vapor which performs the rectifying function 
inside rectifying tower 4 cannot be acquired, and the composition of the 'cryogenic liquid 
cannot be changed. As a result, the freezing cycle cannot be controlled. 

(Steps for solution) 

The 1 st capillary tube and 2 nd capillary tube which determine the pressure of the 
rectifying tower are replaced by a 1 st electric expansion valve and 2 nd electric expansion' 
vaJve. A. control device controls the degree of opening of the 1 st electric expansion valve 
and 2 nd electric expansion valve based on the pressure in the rectifying tower, the 
temperature at the bottom of the tower, the dew point temperature, a temperature 
comparison step, a calculation step for the degree of opening of the electric expansion 
valves, and an output of the valve opening degree. 

(Function) 

In mis invention with the construction above, the dew point temperature of the 
non-azeotropic mixed cryogenic liquid at the bottom of rectifying tower is determined 
from the result of a tower pressure detection step and a dew point temperature calculation 
?tep. This temperature is compared with the temperature detected at the bottom part of 
■.no rectifying tower, and the two temperatures are compared. Depending on the result of 
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the temperature comparison step, the degree of opening of the l sl electric expansion valve 
and 2 nd electric expansion valve are calculated so that the tower bottom temperature will 
not be lower than the dew point. The opening of the 1 st electric expansion valve and 2 nd 
electric expansion valve are output by an output step. With these steps, it is possible to 
always produce the cryogenic liquid vapor necessary for rectifying separation at the 
bottom of the rectifying tower. 

(Example of practice) 

In the following, a control device for a freezer cycle in one example of practice of 
this invention is explained referring to figures. 

Figure 3 shows the freezer cycle. In the figure, 1 is a compressor, 2 is a 
condenser, 16 is the 1 st electric expansion valve, 4 is a rectifying tower, 5 is a tower top 
cooler, 6 is a reservoir , 17 is the 2 nd electric expansion valve. 8 is an evaporator, 9 is the 
tower bottom temperature detection step, 1 0 is the pressure detection step, and 1 1 is the 
control device. The main cycle consists of the compressor 1, condenser 2, 1 st electric 
expansion valve 16, bottom of rectifying tower 4, 2 nd electric expansion valve 17, and 
evaporator 8 in that order. A separation cycle consists of a rectifying tower 4, tower top 
cooler 5, and reservoir 6. 

Figure 1 is a block diagram of the control device 1 1 for a freezer cycle. In this 
figure, 10 is a pressure detection step, 9 is a temperature detection step, 12 is a dew point 
temperature calculating step, 13 is a temperature comparison step, 14 is a valve opening 
calculation step, and 1 5 is the valve opening output step. 

First, high pressure cryogenic liquid which exits from the condenser 2 is reduced 
in pressure by the 1 st electric expansion valve 16, .and it becomes a two phase gas- liquid 
. ^v'ogeRic liquid, and it flows into the lower portion of the rectifying tower 4. The gas 
Component of thi s two phase system is raised inside the rectifying tower 4, and it isc\ 
cooled at the tower top cooler 5 and is condensed and stored in the reservoir 6. Liquid 
which overflows from the reservoir 6 is flows to the upper portion of the rectifying tower 
4 and then goes down inside the rectifying tower 4. The rectifying function is done-by 
exchanging material and heat with the rising gas. The reservoir 6 stores cryogenic diquid 
which is rich in low boiling point components. Cryogenic liquid which is rich in high 
boiling point components flows from the lower portion of the rectifying tower 4 int6 the 
main cycle after going through the 2 nd electric expansion valve 17. 

Next, the function of the control device 1 1 is explained referring to the flow chart 
:;i ugure 2. First, pressure in the rectifying tower 4 is detected by a pressure detection; > 
step 10. The dew point temperature is calculated 12, and the relationship between 
pressure of the non-azeotropic mixed cryogenic liquid and the dew point temperature is 
determined beforehand. The dew point temperature is calculated from the pressure in the 
rectifying tower 4. Next, the temperature at the bottom of the tower is detected by the 
rover bottom temperature detection step 9. The temperature at the bottom of the tower ' 
and. the dew point temperature are compared by a temperature comparison step 13. As 5 a' 
rss-iit,- whsri the temperature of the bottom of tower is lower than the dew point 
temperature, the 1 st electric expansion valve 16 is closed by the AP pulse (resistivity is . 
increased) and the 2 nd electric expansion valve 17 is opened by the AP pulse (resistivity is 
decreased). The proper pulses are determined by a valve opening calculation step. -If the 
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temperature at the bottom of the tower is higher than the dew point temperature, neither 
the I st electric expansion valve 16 nor the 2 nd electric expansion valve 17are changed. 

(Effects of this invention) 

As stated above, this invention is a freezer cycle which uses a sealed non- 
azeotropic mixed cryogenic liquid in a circuit which has a compressor, condenser, 1 st 
electric expansion valve, rectifying tower, 2 nd electric expansion valve, and evaporator. 
The control device of freeze cycle has the following steps. With this device, the dew 
point temperature of the non-azeotropic mixed cryogenic liquid at the bottom of 
rectifying tower is determined from the result of a pressure detection step and dew point 
temperature calculation step. This temperature is compared with the temperature detected 
at the bottom of rectifying tower. Depending on the result of the temperature comparison 
step, the required opening of the 1 st electric expansion valve and 2 nd electric expansion 
valve is calculated so that the tower bottom temperature will not be lower than the dew 
point temperature. The opening of the 1 st electric expansion valve and 2 nd electric 
expansion valve is changed by outputs from the controller. These steps insure that 
cryogenic liquid necessary for rectifying separation always exists at the bottom of the 
rectifying tower. Composition of the cryogenic liquid can be controlled reliably, and 
freezer performance can be controlled securely. 

4. Simple explanation of figures 
Figure I is a block diagram of the control device for a freezer cycle in one example 'of 
practice of this invention. 

Figure 2 is a flow chart of the control device of the freezer cycle. 
Figure. 3 is the freezer cycle. 

Figure 4 is the freezer cycle of prior art. ; 

I : compressor ; 
2: condenser ) 
4: rectifying tower 
5: tower top cooler 
5: reservoir 
3: evaporator 

9: tower bottom iemperature detection step 
10; pressure detection step 
12; calculation step for dew point temperature 
13: temperature comparison step 

14: calculation step for opening of electric expansion valve 
15: output step for valve opening 
16: ) £t eicc trie expansion valve 
17: 2 nd eiecrric expansion valve 
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Figure 2 



Detect Pressure 



Calculate dewpoint 







Detect tower bottom temperature 




j Open 2nd expansion valve AP pulse increased ' 
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